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Mohawk & Hudson Railroad, for all coming time, is for 
his adoption and practice of the principle involved in 
the leading four-wheel truck for flexibility, and exten
sion of the wheel base of the locomotive for subdivided, 
distributed and constrained wheel loads on the rails, 
crossties: ballast, and subgrade. The practice of the 
principle of a flexible superstructure on an elastic road
bed, used on the Saratoga & Schenectady Railroad, is 
now followed by all steam railways of the world. 

IRON TEE RAIL SECTIONS. 

Robert Livingston Stevens in 1830 designed for the 
Camden & Amboy Railroad a. section of rail, the prin
ciple of which combined in one piece the bearing sur
face for the wheel treads, the guide for the wheel 
flanges, and the strength for the girder, with a base to 
rest upon and be spiked to the crossties. This was the 
prototype of our present rail sections, and was rolled in 
1831 by Guest & Co. of Wales. It did not come into 
general use on account of the expense for many years, 
and then the head was made more pear-shaped. The 
construction of the early railways with iron rails was 
slow, for at first lill the iron used was imported from 
England or Wales. 

There were only 23 miles of railway track in this 
country in 1830 composed of strap iron rails laid upon 
wooden or stone stringers, and only increased to 2,818 
miles in 1840, as the frail superstructure of the track 
had not taken suitable form for its development; and 
strap iron rails were prohibited by law in New York 
State in 1844. The physical properties of wrought iron 
were sufficient for the installation of the early railways 
but inadequate for their development. 

BESSEMER
'
S INVENTION FOR MAKING STEEL. 

Bessemer steel replacing iron rails marks a distinct 
epoch in the construction of mileage, maintenance, and 
operation of railways. Bessemer's grand conception was 
the application of the fact that one half of one per cent 
of carbon combined with iron made a ductile steel of 
greater physical properties than wrought iron, and as 
cast iron contained from 31h to 4 per cent of carbon, 
1.25 to 2.5 per cent of silicon, 0.50 to 1 per cent of man
ganese, 0.03 to 0.06 of phosphorus, a non-ductile and 
brittle product, he made a suitable converter and blew 
air through the bath of molten cast iron to burn out, 
first, the silicon and manganese, then the excess carbon 
above that desired for his grade of steel. This direct 
method proved only possible with the nearly pure Swed
ish irons. It was required in all other countries to 
select pig iron in which the impurities of phosphorus 
and sulphur would be 0.1 or under, as required for the 
grade of steel, and then decarburize the m.olten bath by 
blowing air through it and subsequently recarburize the 
blown mlltal with the desired carbon, manganese, and 
silicon contents. This was a success, and, by the large 
product which could be made, rendered possible the 
present railway development by the use of steel rails of 
great€r physical properties and more homogeneous prod
uct, to replace those of iron of inadeqUl�te physical 
properties. 

The use of Bessemer steel rails commenced in this 
country in 1863, with imported English brands of 500 
to 1,000 tons for trial. The early rails cost $100 to $120 
gold per ton, which, with the premium, made the cost 
from $240 to $260 in currency during the civil war. 
The early Bessemer steel rail sections were from 31,6 to 
414 inches high, and the weights ranged from 56 to 60 
pounds per yard. 

The engineers of the New York Central & Hudson 
River Railroad made deflection tests and in 1870 in
creased the height of the rails to 41,6 inches, and the 
weight of the section from 60 to 65 pounds per yard. 
Large tonnages of the 65-pound section were rolled in 
England and France, and the third and fourth tracks 
were laid with it about 1870 and 1871, and cost from 
$100 to $110 per ton. These early steel rails were so 
expensive that the weights of the sections were rolled 
as light as was considered safe for service. They were 
not stiff, and had small mechanical properties, and 
deflected to a marked extent under the wheels, and 
transmitted concentrated instead of distributed loads to 
each crosstie. A committee of the American Society of 
Civil Engineers, in 1873, studying the small wear of the 
rail under the light wheel loads, came to the conclusion 
that it would be desirable to design for economical rea
sons what was termed a residual section, and then add 
suffiCient metal to the top of the head for several years' 
wear (see Fig. 5). They modified entirely the type of 
the section, reduced the percentage of the metal in the 
base and used more in the deep head, providing, as they 
supposed, for many more years' duration. The question 
of a section as an engineering structure for stiffness to 
reduce the train resistance and maintenance was not 
considered, as it was in advance of the ideas of the 
evolution of rail sections at that date. 

The deep, heayy head, and the change from the thick 
to the thin base, did not make as Aaf(� a girder for 
heavy traffic, nor result in an equal quality of metal in 

t!le raH, liS g�d I?{)�n secured in tlw shaH9W hea(\ and 

thick base of the early sections, to which type we are 
now reverting from experience, for superior girders. 
The light steel rails, however, enabled the railway com
panies to save the cost of renewing the iron rails so 
often, and lessened the operating expenses, though it 

Fig. 3.-"John Bull" locomotive on the Hudson and 
Mohawk Railway, 1831. Built by Robert Stephenson 

& Son. 

did not permit much increase in the wheel loads of the 
locomotives and cars over those used upon the iron 
rails. The railway officials were anxious to improve 
their tracks and increase the wheel loads of the motive 
power and equipment to run faster and heavier express 
trains, and also haul larger freight train loads. I made 

Fig. 4.-First bogie engine, Saratoga and Schenectady 
Railway. Jervis' four-wheel front truck engine, built 

by Robert Stephenson & Company, 1833. 

a track indicator, with a special six-wheel truck, to 
measure and record autographically the undulations of 
the.rails in the tracks, to determine what was necessary 
to improve them in an economical manner. 

INSPECTION OF TRACKS WITH TRACK INDICATOR. 

I commenced the investigation of the undulation of 
the rails by my track indicator in 1879. The New York 

Fig. 5.-New York Central and Hudson River Rail
road, 1870. 

Central at that time had 41h-inch 65-pound steel rails 
(see Fig. 5) in general use upon the main lines, and 

upon some of the subsidiary lines, 56 and 60-pound, and 
the height was from 4 to 4lh inches. The Boston & 
Albany had a 41h-inch 72-pound, and the pennsylvania, 
two sections of 41h-inch 67-pound. 

The diagrams taken from over 10,000 miles of the 

Fig. 6.-New York Central and Hudson River Rail

road, 1884. 

Eastern line.s demonstrated the fact that the rails did 
not have sufficient mechanical properties to distribute 

, the loads in the wheel spacing to any marked extent, aR 
. each crosstie received nearly the major percentage of 

the wheel effectA. The crossties cut under the rail seats 
with rapidity, which permitted the light equipment to 
cause destructive, expensive and useless injury, while 
the train resistailce was high! a§ wen M the cost of 
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maintenance and operation. I added a mechanism in 
1881 to sum up the undulations into feet and inches, 
shown on the large diagrams, of 1 inch in length of 
paper to 50 feet of traCk, from which the amount per 
mile and section was secured for tabulation, and af
forded definite measures of what labor could do and 
what could be expected from stiff rails in the track. 

The investigations by my track indicator showed on 
all of the lines that the rails had taken definite forms 
in the track, which I classified under three distinct 
types: First, second, and third forms of permanent set. 

First form: Rails which were low at the joints and 
high in the center. 

Second form: Rails low in the joints and center, but 
high in the quarters. 

Third form: Rails more or less 'wavy on the surface, 
due to conditions of manufacture. 

There were combinations of the first and second, and 
the second and third upon a few rails. 

The forms of permanent set also indicated that the 
rails were not sufficiently stiff so the track could be 
maintained in good condition for any length of time 
without constant attention to surfacing by the track
men, and the results of their labor did not become 
cumulative from year to year. The rails began to take 
a set after one or two years cutting out at the joints 
under the passing wheel loads, the unit fiber straius 
being higher than in the present stiffer sections. It 
was evident that the section should have sufficient metal 
for its elasticity to carry the wheel loads before the 
permanent set occurred. 

I designed the pioneer 5-inch, 80-pound steel rail for 
the New York Central in 1883 (Fig. 6), to furnish the 
superintendents of motive power and the engineers of 
rhaintenance of way a better steel rail section as an 
engineering structure than ever before used. It was, as 
a girder, 66 per cent stiffer than the 41h-inch, 65-pound 
section of the New York Central & Hudson River Rail
road, secured by the addition of only 15 pounds or 23 
per cent more metal per yard, and an increase of 1h 
inch in height for the section. The rail was rolled in 
April, 1884, and laid in July of the same year, on the 
four tracks from Grand Central Station to Harlem 
Junction, 51h miles. The demonstration of its value in 
stiffness was a satisfaction to railway ofticials, and 
soon was followed by a 5-inch, SO-pound section for the 
Michigan Central Railway, and a 5-inch, 85-pound sec
tion for the Pennsylvania Railroad. The value of stiff
ness in rails as girders was so obvious that in 1883, 
after I had designed the 5-inch SO-pound section already 
mentioned, and before it was rolled, I stated, upon the 
Boston & Albany diagrams for the year 1883, that it 
would be possible for them with new stiff rails on a 
well ballasted roadbed to reduce the undulations of the 
track to between the fifteenth and sixteenth line upon 
my condensed diagrams. 

I distributed the area of metal for the head, web, and 
base of the Boston & Albany 95-pound section, which 
was limited to 5 1/32 inches in height by the railway 
company owing to the curvature and heavy gradients of 
the line. I commenced to roll the rail in 1891, and the 
entire line of 200 miles of double track from Boston to 
Albany was completed in the summer ·of 1897. My 
inspection of the track in the autumn showed the aver
age undulation for the entire track was 15 42/100 lines 
per mile upon my condensed diagrams, and confirmed 
the estimate of 1883, fourteen years in advance of its 
consumma tion. 

(To be concluded.) 

Deep Sea Soundings 
THE methods of taking deep sea soundings heretofore 

employed have involved a number of sources of error. 
the principal one being the form assumed . under water 
by the line, which is calculated to cause an error of at 
least one thirtieth of the indicated depth, under the 
most favorable conditions. To eliminate this error com
pletely A Berget describes in Oomptes Rendus a piez
ometer which he has constructed. Water is adopted 
for the compressible fluid, since its compressibility is 
practically constant and its sensitiveness uniform at all 
depths. The instrument consists of a reservoir filled 
with water, whose base terminates in a long tube of 
1h millimeter internal diameter which communicates 
with a side vessel full of mercury and open for recep
tion of the pressure. The tube is silvered internally 
and graduated externally. The whole apparatus is 25 
centimeters long. As the apparatus descends, the 
mercury is forced up the small tube and dissolves away 
the silver, thereby denoting the amount of compression, 
and hence the depth attained. The apparatus was first 
graduated experimentally by me::tns of a hydraulic 
press. A thermometer is attached to the side of the 
piezometer to allow a correction for thermal dilatation. 
'l'he sensitiveness of the apparatus may be increase" 
to any extent hy enlarging the volume of the wnt',. 
reservoir, and diminishini:\' the crofls-section of the grit,j 

lUI-ted tube. 
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